Seatbelt restraints are important for occupant safety which substantially reduces morbidity and mortality in severe motor vehicle crashes (MVC). Though, it has been established that the air bag and seatbelt use reduce injury severity and mortality but still there is limited information on the pattern of injury by restraint type. Herein, we presented two case reports which describe the injury pattern of two patients (both were restrained but only driver had airbag) involved in a single MVC. Both of them had severe traumatic injuries, however, the restrained passenger without airbag, sustained more severe injuries of intestine, kidney and spinal cord. In addition to seatbelt, airbag provides considerable protection against severe blunt abdominal trauma. Therefore, installation of airbags especially for front seat passenger is imperative for minimizing the risk of significant traumatic injuries.
INTRODUCTION
Motor vehicle crashes (MVC) are the major cause of disability and deaths among adolescents and young population.
[1] Particularly, the use of seatbelt is effective in minimizing the injury severity and outcomes after MVC. Many studies have demonstrated that seatbelt restraints are useful in reducing severe injuries by 45% to 55% and mortality by 43% to 50% in MVC. [2, 3] These studies demonstrated the effectiveness of seatbelt use in reducing the incidence of head, face, abdomen and long bones injuries. [2] However, other investigators have observed higher frequency of abdominal wall herniation, hollow viscus, thoracic, and neck injuries in restraint individuals. [4, 5] Abbas et al. [6] observed that injuries of spine, abdomen or pelvic region are mainly associated with seatbelt sign and such patients should be thoroughly evaluated to rule-out the occult intra-abdominal injuries. Chandler et al. [7] reported that out of 14 patients with an abdominal seatbelt sign, 9 sustained abdominal injuries. Airbags are supplemental tools that improve the effectiveness and safety of seatbelt during MVC. It helps to dissipate the crash impact over a greater surface area and prevent collision of the driver as well as passenger with the steering column, windshield, and dashboard. According to National highway Traffic Safety Administration, the air bag use alone decreased fatality by 13%, while combined use of air bag with a three-point seat belt, could potentially reduce the mortality by 50%.
[8] Consistently, several investigators have demonstrated that the combined airbag and seat belt use significantly reduces the injury severity and mortality but still there is limited information on the pattern of injury by the restraint type. Herein, we describe the injury pattern of two patients (driver and passenger) in a single MVC, both were restrained but only driver had airbag as well.
CASE REPORT
There were 2 cases involved in the same MVC (driver and passenger).
The passenger
A 41-year old female, front-seat passenger restrain by seatbelt (no air bag), presented to our trauma center with grade IV shock, heart rate of 120 bpm, blood pressure of 80/45 mmHg, respiratory rate of 28 per min, oxygen saturation of 89%, and GCS of 14. Though, airway was clear, there was decreased air entry on left lateral side. Seat belt sign was noted over left chest and lower abdomen with degloving injury of lower abdomen and left lateral lumbar area. She also had a 15 cm laceration on left forehead with active bleeding, grade IV open fracture of the right distal radius with obvious transected right radial artery.
The patient was resuscitated with oxygen mask, crystalloid infusion and two units of 'O' negative (uncrossed match) PRBC in the trauma room and massive blood transfusion was activated. Focus Assessment with sonography of trauma (FAST) was positive, chest X-ray demonstrated herniation of abdominal content into the left pleural cavity [ Figure 1 ] and pelvic X-ray was normal.
Patient was immediately transferred for exploratory laparotomy and found to have grade V left diaphragmatic rupture with significant left hemothorax, transected 10 cm of jejunum with its mesentery [ Figure 2 ], and multiple bleeding mesenteric lacerations in mid small bowel and distal ileum. There was also a small paracecal hematoma, lacerated serosa of sigmoid colon with laceration of its mesentery, and small non-expanding retroperitoneal hematoma in left zone-2. Patient underwent diaphragmatic repair, irrigation of left hemothorax, left thoracostomy tube insertion and primary anastomosis of jejunum. A large soft tissue hematoma of (degloving/shearing injury) lower abdomen and left lateral lumbar areas were evacuated and drained with three large J-vac closed suction [ Figure 3 ]. Right radial artery was ligated after positive triphasic Doppler signal of right ulnar artery, followed by external fixation of right radius, wound debridement and closure.
Patient was hemodynamically stable and was underwent head, chest and abdominal CT scan post-operatively. The CT findings revealed significant left lung contusion, fracture of left 10-11 ribs, fracture of 7 th rib, non-perfused left kidney surrounded by small hematoma with thrombosed distal left renal artery, and unstable chance fracture of L2 with no cord compromise.
The patient maintained her vital signs after 12 hours with normalization of the acid-base balance. On tertiary trauma survey, patient was unable to move both lower limbs. Emergent MRI revealed congenital tethered spinal cord to the level of lower L2 with cord contusion extended from upper L1 to lower L2. X-ray of the extremities showed fractures of right lateral malleolus, 2 nd and 3 rd right metatarsal and query right talus, and fractured right foot 1 st and 2 nd phalanx, and fracture of right 5 th MCB. She was extubated after 11 days; pedicle screw fixation was performed after 17 days with back brace applied for continuous physiotherapy, and she was able to walk normally after 2 months.
The driver
The second patient involved in the same MVC with the first patient was a male of 40 years old. This patient was using seatbelt and the airbag was working during the accident. He arrived with a stable hemodynamic status, GCS of 15, and decreased air entry to left lateral field of lung. He had seatbelt marks over his left chest and lower abdomen with moderate degloving injury of left lateral abdominal wall. Secondary survey revealed blood at the external urethral meatus, and had incidental right inguinal hernia. FAST was negative, fracture left mid femur, right radius, fibula and talus. Chest X-ray showed herniation of bowel to left hemi-thorax. CT scan demonstrated grade V left diaphragmatic injury with herniation of abdominal content into left hemothorax [ Figure 4 ], bilateral lung contusions, suspicious of extravasated contrast from prostatic urethra. Patient was shifted to the operating room for repair of diaphragm, insertion of left thoracostomy tube and repair of mesenteric tear of ileocecal junction, rectosigmoid junction, and serosal tear of rectum [ Figure 5 ]. He was extubated after 10 days; open reduction internal fixation for left femur was done after 12 days. The patient was doing well and transferred to trauma floor after 14 days.
DISCUSSION
The two cases presented in this series demonstrate the injury pattern among vehicle occupants within the same car and MVC. The driver used airbag and seatbelt whereas the front passenger used seatbelt only. Though, comparison to occupants who used seatbelts or airbags alone during the crash. In addition, Carter and Maker [10] found that the abdominal injuries were more frequent in patients wearing a seat belt than those who were unrestrained. The authors suggested that the sudden deceleration force applied to the mesentery could be the cause of mesenteric tear. Moreover, a retrospective analysis of abdominal injuries in restrained patients showed higher frequency of intestinal injuries with seat belt sign. [11] Denis et al. [12] showed that among 32 patients positive for seatbelt sign, 27 revealed bowel or mesenteric injuries by exploratory laparotomy. Other investigators have suggested that the presence of seatbelt sign had a 3-fold increased risk of intestinal perforations. [7, 13] .
Several studies have reported that the restrained patients are more likely to have mesenteric tears and rupture of the small bowel and colon. Specifically, perforations are more frequent in the jejunal and ileal bowel at the antimesentric borders, while rupture of the large intestine and duodenum are relatively uncommon. [13, 14] Also, the transverse tears of the rectus abdominis muscle and anterior peritoneal tears are becoming more frequently recognized as part of the seat belt syndrome, which occurs immediately beneath the lap portion of the seat belt. This type of injury is frequently associated with hollow viscus injury and may provide a clue to the severity of injury. [15] Furthermore, diaphragmatic ruptures have been reported in seat belt injuries, which could be secondary to faulty placement of the seatbelt or sliding of the occupant under the seatbelt during the early stages of impact. Such upward abdominal pressure from the seatbelt might leads to herniation of abdominal contents into the thoracic cavity. [16, 17] Matthes et al. [18] analyzed the likelihood of sustaining thoracic injury with or without a frontal airbag among car drivers. The authors found that airbag is associated with the risk of thoracic injury and there is significantly higher relative-risk of chest injuries among drivers with seatbelt-plus-frontal airbag.
Particularly, the injury to the spinal column is caused by shifting of the fulcrum to the anterior abdominal wall due to seat belt compression, thus producing distraction on all three columns (anterior, middle, and posterior) of the spine. However, these fractures showed little or no anterior compression of the involved vertebral body and the neurologic deficits are also infrequent. Moreover, in some cases the distractive forces causes only ligamentous disruption at the involved level, leading to a lumbar sublaxation or dislocation by using the shoulder-lap belt. [19] An earlier study reported that use of airbag alone or airbag plus seatbelt significantly reduces the risk of head, face, both patients had similar chest injuries, the patient with seat belt-only sustained more severe abdominal trauma and fracture of L2 with paraplegia. Consistent with our findings, Cummins et al. [9] has reported higher degree of protection in patients with seatbelt-plus-airbag in torso, and spinal injuries. [20] In addition, the authors observed that the severity of neck, abdomen, and upper extremity injuries were comparable among the restraints and non-restraint occupants. Though, various crash factors might influence the severity of injury but, the use of restraint type is usually associated with a specific pattern of injury in a specified body region. So in this series, we focused on the injury pattern of the blunt trauma in occupant protected by a seatbelt and airbag versus seatbelt alone in a single crash which could provide a better understanding of appropriate diagnosis of injuries which facilitate timely intervention.
In conclusion, although seatbelt and airbag have been proven to decrease severity of injury as well as mortality, both these tools is associated with specific injury pattern. Moreover, understanding the crash mechanism among patients with or without safety devices is useful for trauma surgeons for predicting the injury pattern, which guide the appropriate management. In this case report, in addition to seatbelt, airbag provides considerable protection against severe blunt abdominal trauma.
